OBJECTIVE -To evaluate insulin sensitivity (IS) and ␤-cell function (␤F) in lean and obese women with polycystic ovary syndrome (PCOS), either separately or by using a disposition index (DI).
P
olycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women of childbearing age. Endocrine disturbances typical of this syndrome are often also connected to insulin resistance (IR) and its consequences, impaired glucose tolerance (IGT) or type 2 diabetes (1,2).
According to the majority of studies, IR (or its reciprocal value insulin sensitivity [IS]) could be an intrinsic defect in PCOS. Obese women with PCOS are invariably insulin resistant to a greater degree than BMI itself could induce (3-5). Data regarding lean PCOS individuals are ambiguous, either finding IR (6) or not (5-7). It is likely that body fat distribution also plays an important role in PCOS women, and that their IR is connected very tightly with upper-body fat (8). Data concerning insulin secretion in PCOS are sparse and discrepant. Some authors have found defective insulin secretion (9 -11), whereas others have described an increase of insulin secretion (12, 13) .
In the present study, IS and ␤-cell function (␤F) in lean (BMI Ͻ27 kg/m 2 ) and obese (BMI Ն27 kg/m 2 ) women with PCOS were studied using oral glucose tolerance tests (OGTTs) and insulin tolerance tests (ITTs) as methods available in daily practice. The authors have tried to evaluate PCOS women in terms of IS and/or ␤F either separately or by the tool of disposition index (DI), which could be more informative than isolated evaluations of IS and ␤F.
RESEARCH DESIGN AND
METHODS -In all, 64 women with PCOS matching National Institutes of Health criteria were examined (2), of whom 37 were lean and 27 were obese. IGT was diagnosed in four patients according to World Health Organization criteria. None of the patients had taken oral contraceptives during the preceding 3 months. The control group consisted of 20 healthy women without a family history of PCOS and type 2 diabetes, of whom 10 were using hormonal contraception at the time of the examination. The women using the contraception pill were slightly older than the nonusers (31.2 Ϯ 8.3 vs. 25.3 Ϯ 3.6 years; P Ͻ 0.07). There were no differences between them in anthropometric parameters, smoking habits, residential area, education, job or physical activity, or in the parameters of IR and ␤F (Student's t test), and so we analyzed the control group as a whole. After signing a written informed consent approved by the local ethics committee of the Institute of Endocrinology, all women underwent an OGTT with 75 g of glucose. After overnight fasting, blood samples were drawn for the determination of glucose, insulin, and C-peptide before the glucose load, and they were then drawn again at 30, 60, 120, and 180 min (marked as G x , I x , and Cp x , where G is glucose, I is insulin, and Cp is C-peptide).
A subgroup of the study subjects (all of the control subjects and 13 of the PCOS subjects, of whom 8 were obese and 5 were lean; age 20.7 Ϯ 4.3 years) also un-dertook an ITT. PCOS women undertaking ITT were comparable with the rest of the group in terms of androgen levels, and they were selected according to availability because not all PCOS subjects were area residents. ITT was performed as previously described (14) . Plasma glucose t 1/2 was calculated from the slope of the straight-line regression analysis of the plasma glucose concentrations between 4 and 15 min. The slope, minimal glucose level (ITT min ), area under the curve for ITT (AUC ITT ), and rate for glucose disappearance (K ITT ) were evaluated.
Analytical determinations
Glucose was measured using the glucoseoxidase method (glucose analyzer; Beckman, Fullerton, CA). Serum C-peptide and insulin levels were determined by immunoradiometric assays (Immunotech, Marseilles, France). Testosterone, androstenedione, dehydroepiandrosterone (DHEA), DHEA sulfate (DHEAS), and sex hormone-binding hormone (SHBG) were determined as stated previously (15) .
Calculations and statistics
To estimate ␤F and IR (or IS) the authors used various indexes derived either from the fasting values of insulin and glucose or from OGTT or ITT measurements (16 -23) (Table 1) .
All values are given as the median (upper and lower quartiles). For the evaluation of changes in the time profiles, one-way ANOVA was used with status (control subjects, lean PCOS patients, and obese PCOS patients) as the factor. For the testing hypothesis, it was strictly assumed that the model error is normally and independently distributed, and homoscedasticity or constant variance throughout the level treatments is supposed. Because of the non-Gaussian distribution, the original data were subjected to a power transformation to attain the minimum skewness of the normalized residuals. To avoid the influence of outliers, the normalized residues with absolute values Ͼ2 were excluded from the calculations. Individual differences between the stages were evaluated by the use of least significant difference multiple comparisons. For nonhomogeneous data, we used the robust Kruskal-Wallis test followed by Mann-Whitney U tests. The differences were considered statistically significant if P Ͻ 0.05.
In all, 12 combinations of IS and ␤F pair indexes were tested, the best fit of the model being found to be defined by ␤F ϫ IS ϭ K. Given the skewed data distribution, nonconstant variance, and nonhomogeneity of the data, a median of the products ␤F and IS was chosen as the best estimate of the parameter K. The differences between the mean values of K determined for PCOS and control subjects were tested using one-way ANOVA or by the robust Kruskal-Wallis test followed by Mann-Whitney U tests for nonhomogeneous data. All computations were performed using Statgraphics Plus version 3.3 (Manugistics, Rockville, MD)
RESULTS

Clinical and hormonal features in PCOS women
In terms of a family history of diabetes, 12 PCOS women had one or more affected first-degree relatives and 17 seconddegree relatives (grandparents); no cases of diabetes in the family was found for 24 women. There was no statistically significant difference in diabetes family history between lean and obese PCOS subjects. In 11 women a regular pattern of menses was stated (e.g., 21-35 days), whereas an irregular menstrual cycle or secondary amenorrhea was present in 53 women.
Vaginal ultrasonography was performed on 56 patients. Polycystic ovaries were found in 35 PCOS subjects, multifollicular ovaries in 6, and sonographically normal ovaries in 15. The median (upper quartile, lower quartile) levels of the main androgens for lean and obese PCOS subjects, respectively, were: testosterone 2.34 (1.77, 2.88) vs. 2.18 (1.75, 2.89) nmol/l (NS), free testosterone index 6.8 (5, 10) vs. 9.57 (7.2, 13.9) (P Ͻ 0.08), androstenedione 5.36 (3.8, 7.3) vs. 5.81 (3.8, 7.5) nmol/l (NS), DHEAS 6.9 (5.65, 8.4) vs. 8.2 (7.35, 9.4) mol/l (P Ͻ 
Comparison of the PCOS patients with control subjects
The anthropometric and biochemical data of the PCOS and control women are given in Table 2 . Both lean and obese PCOS subjects had remarkably higher waist-to-hip ratios (WHRs) (P Ͻ 0.0001) than control subjects. Fasting glucose was higher in both lean and obese PCOS than in control subjects (P Ͻ 0.004). During the OGTT, glucose values at 180 min (G 180 ; P Ͻ 0.008) was significantly higher in both lean and obese PCOS than in control subjects. In most of the other parameters measured during OGTT (glucose, insulin, and C-peptide), there were significant differences detected between lean and obese PCOS and between control and obese PCOS subjects, but not between lean PCOS and control subjects.
Regarding the indexes of IR/IS: insulin resistance by homeostasis model assessment (HOMA-R) was higher in obese PCOS than in control and lean PCOS subjects (P Ͻ 0.007). Control and obese PCOS subjects and lean and obese PCOS subjects differed significantly in all other IR indexes (except fasting glucose-toinsulin ratio [FGIR] . Obese PCOS women were more insulin resistant than the other two groups. Regarding the ␤F parameters, no differences were found in ␤F by HOMA (HOMA-F), but a significantly higher insulinogenic index [⌬I/⌬G 30 -0 ] was found in both lean and obese PCOS subjects than in control subjects (P Ͻ 0.0007).
With respect to ITT-derived parameters, no differences between the PCOS group and the control group were found in K ITT . Nevertheless, both lean and obese PCOS subjects differed from the control subjects significantly in terms of ITT min (P Ͻ 0.004) and AUC ITT (P Ͻ 0.003).
The relationship of ␤F and IS-the DI
The relationship between the indexes of ␤F and IS-the DIs-were calculated. All of the combinations of products ␤F ϫ IS used followed a hyperbolic relationship. DIs derived from the fasting state parameters of IS (1/HOMA-R, 1/I 0 , and FGIR) and ␤F (HOMA-F) yielded lower values in obese PCOS than in control and lean PCOS subjects (all P Ͻ 0.05), with no difference between lean PCOS and control subjects (Table 3) . When combinations of ⌬I/⌬G 30 -0 and ITT-derived IS parameters were evaluated, significantly higher values of DI were found in lean PCOS than in control and obese PCOS subjects (P Ͻ 0.0008 and P Ͻ 0.0001, respectively). Combinations of ⌬I/⌬G 30 -0 -and OGTT-derived IS parameters yielded almost consistently higher DI values in lean PCOS than in control subjects. Analogous DI values in obese PCOS subjects were either significantly higher than (P Ͻ 0.0003 [16] ) or no different than those of control subjects.
CONCLUSIONS -Hyperinsulinemia and IR are often described in women with PCOS (2,24), and the connection between PCOS, IR, insulin secretion, and obesity is still not clearly defined. Although a remarkable proportion of women with PCOS develops IGT (up to 30%) and type 2 diabetes (up to 10%), this is not a universal feature (1,25). In the U.S., it has been extrapolated that PCOSrelated IR contributes to 20% of IGT and 40% of type 2 diabetes in women of childbearing age (26) . Nevertheless, the early screening of impaired insulin action and secretion in women with PCOS could be very useful in clinical practice because it enables the possible prevention of serious metabolic complications.
The present study considered women with PCOS (divided into lean and obese subjects) using OGTT, ITT, and anthropometry with the aim of evaluating IR and ␤F in this connection. A feedback loop between IR and secretion exists, and it was therefore hypothesized that subtle changes in either of these two inherently connected variables would be more pronounced and informative when using a DI as their product. Kruskall-Wallis test followed by Mann-Whitney U test was used instead of ANOVA. CL, control vs. lean PCOS subjects; CO, control vs. obese PCOS subjects; LO, lean vs. obese PCOS subjects.
Insulin sensitivity and ␤-cell function in PCOS
As to anthropometric variables, WHR values in PCOS women were significantly higher, even in the lean group, suggesting preferential abdominal fat localization in these patients. This accords well with the results of other authors (5). It is probably not only the total amount of body fat but also fat tissue distribution that plays an important role in the pathogenesis of IR. A central fat depot could (via increased levels of free fatty acids) modulate the ␤F (27, 28) . An increase in free fatty acids has been described as elevating the insulin secretion rate (29) . Recently, enhanced visceral lipolysis has been found in women with PCOS (30) . Nevertheless, information is scarce regarding body fat composition using reference methods such as nuclear magnetic resonance or computed tomography, as is information regarding lipolysis defects in PCOS to date, and it is presumed that this will require further study.
With respect to parameters derived from OGTTs, there were marked differences detected between lean and obese PCOS subjects and between obese PCOS and control subjects, but not between lean PCOS and control subjects. It was not the aim of this study to distinguish the impact of obesity on insulin secretion and clearance. Because both insulin and C-peptide levels were elevated in obese PCOS subjects, increased insulin secretion could be expected. The impact of hepatic insulin clearance is, on the other hand, difficult to ascertain in vivo without using isotope methods. Thus, divergent results in PCOS have been reported, either finding (5,31,32) or not finding (33) defective insulin clearance.
In recent years, it has been shown useful to examine the feedback loop on IR and ␤F in unison. Only the mutual relationship of these two inherently connected variables could reflect the (in)adequacy of insulin secretion to compensate for defective insulin action (11, 34) . The product of IS and ␤F follows, under physiological conditions, a hyperbolic function. Recently, it was shown that DIs derived from fasting values followed the physiological relationship much better than DIs derived from OGTT values in a group of healthy women (35) . Both groups of combinations (i.e., those derived from either fasting or stimulated values) followed the hyperbolic relationship equally well in control healthy subjects and in PCOS women in this study. In the fasting state, all DIs were significantly lower in obese PCOS subjects than in control or lean PCOS subjects. When DIs derived from the stimulated values during the OGTT were used, all were significantly higher in lean PCOS subjects than in the control group or obese PCOS subjects. It is probable that lean PCOS subjects were evaluated in an early stage of the disturbance of the glucose metabolism, when an exaggerated insulin secretion for the degree of IR could be found (36) . These results are in accordance with those of Holte et al. (13) , who found an increase in the early phase of insulin response to glucose. On the other hand, a reduction in the entrainment of insulin pulses in PCOS with a family history of diabetes was detected by O'Meara et al. (9). The results in that study could have been confounded by BMI heterogeneity (from 21 to 46 kg/m 2 in 24 subjects). Our results in obese PCOS subjects are thus mostly in accordance with a study by Ehrmann et al. (10) , where defective stimulated secretion of insulin with higher basal insulinemia was found.
The authors are aware of the limitations of the indexes used in the evaluation of IR (37, 38) because only a moderate correlation of these indexes with the gold standard-euglycemic-hyperinsulinemic clamp-was found (37, 39) . Nevertheless, the results underline the necessity of evaluating both IS and ␤F together in order to achieve a correct phenotypic characterization of PCOS. It is therefore possible to conclude that a reduction in fasting state-derived DI values (␤F ϫ IS) was found in obese PCOS women. On the other hand, an increase in those variables derived from OGTTs was found, especially in lean PCOS subjects. This probably reflects insulin hypersecretion as an important mechanism in the pathogenesis of PCOS. It is necessary to determine the prognostic significance of these findings.
